The distribution of choline oxidase activity was studied with cell-free extracts of yeasts, molds and actinomycetes. A fungus which was identified as Cylindrocarpon didymum M-1 showed the highest activity. The enzyme was purified from the cell-free extract of C. didymum M-1 by a procedure involving ammonium sulfate fractionation and DEAE-cellulose, hydroxyl apatite and Sephadex G-150 column chromatographies. The enzyme preparation was homo geneous when subjected to disc gel electrophoresis and ultracentrifugation. Sedimentation velocity yielded a value of s020,w =7.6 S. The enzyme showed a typical flavoprotein spectrum of absorption maxima at 276,370 and 454 nm.
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Enzymic oxidation of choline to betaine through betaine aldehyde has been studied with mammalian liver homogenates and bacterial cells by many investigators.'-') Choline de hydrogenase, which is tightly bound to mito chondria or presents in particulate fraction, and betaine aldehyde dehydrogenase are con cerned in the choline oxidation.
Recently the authors found a new enzyme, choline oxidase, which catalyzed the choline oxidation without addition of a hydrogen ac ceptor, in the cell-free extract of a fungal strain M-1.4> A similar enzyme is also found in Arthrobacter globiformis.'> The present paper describes the identifica tion of the fungal strain, cultural conditions for the formation of choline oxidase and purifi cation of the enzyme.
MATERIALS AND METHODS
Chemicals. Hydroxylapatite was prepared according to the method of Tiselius et al.e> Betaine aldehyde was prepared from aminoacetaldehyde dimethyl acetal according to the method of Jellinek et al.') All other chemicals were obtained from commercial sources.
Microorganisms and cultures. The organisms pre served in the Laboratory of Applied Microbiology, Kyoto University and isolated from soil were used.
The microorganisms were grown aerobically for 48 hr in the culture medium containing 1.5 g of choline chloride, 0.1 g of NaCI, 0.1 g of K2HPO4, 0.1 g of yeast extract and 0.05 g of MgSO4.7H2O in 100 ml of tap water at pH 7.0.
Choline oxidase assay.
Choline oxidase activity was determined as described previously.') One unit of the activity is defined as the amount of enzyme which catalyzed the formation of 1 ymol of betaine aldehyde per min. Specific activity is defined as the unit per mg of protein.
Analytical methods. The betaine aldehyde in the reaction mixture was determined by a modification of the procedure described by Jellinek et al.7> One milliliter of the reaction mixture was mixed with 1 ml of 0.1 % solution of 2, 4-dinitrophenylhydrazine in 1 N HCl and heated in a boiling water bath for 7 min. The mixture was cooled to room temperature and then 6.4 ml of water were added. After an addition of 1.6 ml of sodium hydroxide, the absorbance at 440 nm was measured.
Protein was determined by the method of Lowry et at.B> or by measurement of absorbance at 280 nm.
Ultracentrifugal analysis.
The sedimentation ve locity was measured with a Spinco model E analytical ultracentrifuge at 20°C and 59,700 rev/min.
Disc gel electrophoresis.
Electrophoresis in acryl amide gel was performed at a current of 2.0 mA in Tris-glycine buffer, pH 8.3, according to the method of Davis.9> EDTA and 0.1 mm dithiothreitol (DTT) was used and centrifugation was carried out at 12,000 x g for 20 min through the purification procedure, unless otherwise stated.
Step 1. Preparation of cell free extract. Washed cells (about 600 g as wet weight) were suspended in 1.2 liters of 0.1 M buffer and disru pted for 90 min with a Kaijo Denki 19 KHz ultrasonic oscillator. The cell-free extract was obtained by centrifugation.
Step 2. Ammonium sulfate fractionation. To 1,840 ml of the cell-free extract was added 560 g of solid ammonium sulfate to 40 saturation under stirring, by adjusting pH to 8.5 with 14% ammonium hydroxide solution. After stirring for 1 hr, the precipitate formed was removed by centrifugation and discarded.
The ammonium sulfate concentration of the supernatant solution was increased 70 % satura tion. The precipitate formed was collected by centrifugation and was dissolved in 0.01 M buffer. The solution was dialyzed for 48 hr against four changes of the same buffer.
Step 3. DEAE-cellulose column chromato graphy.
The dialyzed solution was placed on a DEAE-cellulose column (5 x 40 cm) equili brated with 0.01 M buffer. The enzyme was eluted with 0.05 M buffer. Active fractions (860 ml) were pooled and concentrated by the addition of ammonium sulfate to 70% satura tion. The precipitate obtained by centrifuga tion was dissolved in a minimal volume of 0.01 M buffer and dialyzed against the same buffer.
Step 4. Ammonium sulfate fractionation. To the dialyzed enzyme solution solid ammoni um sulfate was added to 45 % saturation. After stirring for 1 hr, the precipitate formed was removed by centrifugation.
The am monium sulfate concentration was then increased to 60% saturation. The precipitate formed was collected by centrifugation and dis solved in a minimal volume of 0.05 M buffer containing 0.1 M NaCl.
Step 5. Gel filtration by Sephadex G-150. The dissolved enzyme solution was placed on a Sephdex G-150 column (5 x 80 cm) equili brated with 0.05m buffer containing 0.1m NaC1. The enzyme was eluted with the same buffer. The elution pattern of the enzyme is shown in Fig. 3 . Active fractions (136 ml) Step 7.
Gel filtration by Sephadex G-150. Purified choline oxidase (10 yg protein) was applied to electrophoresis with 7.5% gel. The gel was stained with 1 % amido black in 7 % acetic acid.
peak in the ultracentrifuge in 0.1 M sodium phosphate buffer, pH 8.0 (Fig. 6) . The sedi mentation coefficient in water at 20°C, extra polated to zero protein concentration, s°,,µ, was found to be 7.6 S, when protein concentra tion was varied from 1.9 to 9.3 mg per ml of 0.1 M sodium phosphate buffer, pH 8.0. Figure 7 shows the absorption spectrum of the enzyme. The enzyme exhibited one ab sorption maximum in ultraviolet range at 276 nm and two maxima in visible range at 370 and 454 nm. The extinction coefficient of the enzyme at 280 nm (E1%1cm) and the ratio of E280nm/E454nm was 14.4 and 10.2, respectively. 
DISCUSSION
The oxidation of choline has been first studied with mammalian liver mitochondria by Bernheim and Bernheim.12,") In liver enzyme system, choline is oxidized to betaine aldehyde by choline dehydrogenase14) and to betaine by betaine aldehyde dehydrogenase.15) On the microbial oxidation of choline, Shieh found that Achromobacter cholinophagum oxi dized choline to betaine."Kortstee also found that the ability to grow on medium con taining choline as the sole source of carbon and nitrogen was widespread among aerobic microorganisms, particularly the genera of Pseudo monas and Arthrobacter.") On the bacterial enzyme for the choline oxidation, choline de hydrogenase was found in the particulate frac tion of the cell-free extract of P. aeruginosa A-162) and was partially purified after solubiliza tion with Triton X-100 treatment."
The en zyme oxidized choline to betaine aldehyde in the presence of phenazine methosulfate. Betaine aldehyde formed is further oxidized to betaine by betaine aldehyde dehydrogenase.T' Re cently, it was found that choline oxidase pre sented in the cell-free extract of A. globiformis.5) The purification and characterization of the enzyme were done.") The bacterial enzyme can oxidize both choline and betaine aldehyde using molecular oxygen as an electron acceptor and producing hydrogen peroxide.
On the other hand, the authors found the presence of choline oxidase during the course of the study on the choline metabolism by eucaryotic microorganisms. ') In the present study, the enzyme was purified from the cell-free extract of C. didymum M-1 in the homogene ous state. The enzyme was present in the soluble fraction of the extract and used mole cular oxygen as an electron acceptor. The concern of different type of enzyme in the first step of the utilization of carbon source is known for the oxidation of methanol, where the bacterial and yeast enzymes use phenazine methosulfate and molecular oxygen, respec tively.") Subsequent metabolism of choline in C. didymum M-1 is now under investigation.
